The relationship between reaction time and visual latcncy rclative to a fixed stimulus has been measured in haploscopic vision by means of the flicker effect produced by two stimuli of different luminance levels. The fields of foveal vision wcrc of 5 0 , thc retinal illuminance was from 8 to 110 td and three obscrvcrs wcrc used. The results show in all cases that the motor componcnt in the nervous system is not constant, and that the cvolution of this factor according to the luminance of the stimulus conforms to a function of the same kind as Pieron's law. 
The relationship between reaction time and visual latcncy rclative to a fixed stimulus has been measured in haploscopic vision by means of the flicker effect produced by two stimuli of different luminance levels. The fields of foveal vision wcrc of 5 0 , thc retinal illuminance was from 8 to 110 td and three obscrvcrs wcrc used. The results show in all cases that the motor componcnt in the nervous system is not constant, and that the cvolution of this factor according to the luminance of the stimulus conforms to a function of the same kind as Pieron's law. The term visual latency is here taken to mean the delay between the arrival of a luminous stimulus at the eye and its perception in the corresponding cerebral zone. In 1913 PiCron [l] reported that a quantitative relationship existed between the latency of the response and the luminance of the stimulus, which, in mathematical terms, could be expressed as T -T , = K L P , where T , refers to the asymptotic level of the latency, L is the luminance of the stimulus and K is a constant of proportionality, meaning that the latency, above the asymptotic level, will vary according to the luminance. If this is the case then the motor component must be a constant for any observer ; that is to say, the part of the process which as a result of a luminous stimulus begins in the brain and terminates with a response such as touch or any other mechanism not involved in the visual process will be a constant.
Latency measurements T -T,, carried out in areas very close to the motor response site or, cerebral stimulation site, suggest that the relationship between the luminance level and the intensity of the electrical response may be determined by retinal processes, i.e. electroretinograms (ERG). Thus, Bernhard [2] maintains that the measurements carried out using reaction time (RT) and those with ERG can be expressed by a similar function, differing only through an additional constant. These conclusions are borne out by Monnier [3] and Vaughan [4] , who, using electroencephalograms (EEG), found similar values for the p exponent to those obtained both with RT and Pulfrichs's effect. Vaughan maintains, furthermore, that the variations in RT according to the luminance of the stimulus are determined principally by physiological processes that take place in the retina. His results suggest that visual RT is determined by at least two independent physiological processes : the first, located in the retina, can be defined as a potential function of the latency according to the luminance of the stimulus and the second, in principle independent of the luminance, introduces a delay which may be affected by variations in the cerebral zone corresponding to the motor responses and becomes thus the so-called motor component (MC) of the reaction time.
Mansfield [5] suggests the existence of a linear retinal process with a time constant of 10 ms, above which the duration of the pulse can be disregarded and that the latency remains constant above the asymptotic level. Adler et al. [6] too says that the retinal illuminance necessary to produce a particular effect is independent of the duration of the experiences if they exceed a certain critical value.
As far as the size of the visual field is concerned, when the angle subtended is small then Ricco's law [7, 81 holds good. Nevertheless, our own results in previous experiments [9] point to the necessity for some form of spatial integration for much wider retinal areas than the classically accepted ones.
The majority of the authors quoted above agree that the RT method is suitable for analysing both the spatial and temporal characteristics of the visual system, treating MC as a constant.
The methods actually used for measuring the visual latency are various, but they can be assigned basically to two groups : a ) Indirect methods, The signal is received in the brain and the observer responds by touch or in some other way that does not depend on the visual system (RT method), or by methods based on the Pulfrich effect, where a variation in the intensity can be related to the signal delay. b ) Direct methods. The latency is measured directly by means of small electrodes that register the arrival of the signal (EEG or ERG).
There are, however, few extant works which attempt to determine whether the MC value of RT is or not independent of the various different experimental parameters that enter into the global effect and, in fact, as mentioned above, it is generally taken to be a constant. Nevertheless, from recently reported experimental results, Roufs and Williams et al. [lo, 1 l] , MC dependences on parameters a ssociated to the measurement technique, such as the luminance level of the stimuli employed in the experimental work might exist.
The object of this paper is to report on our recent experiments concerning the relationship between RT and the visual latency relative to a reference stimulus, which will result in our ability to ascertain whether the MC value affects RT in any way, as well as whether visual latency depends on any other hitherto unrecognized factors.
To this end we have divised a direct and automatised method of measuring the visual latency component (VLC) through the flicker produced when the luminance of one of the stimulus in haploscopic vision changes. This method, in our opinion, has the advantage of being both more precise and more objective, as it uses the eye as an element of comparison and not detection and the measurements are also carried out at the post-receptoral phase of vision. We repeated the RT measurements correspond to those obtained by followed Pieron's law.
J. Optics (Paris), 1987, vol. 18, nos 5-6 2. -APPARATUS The apparatus was devised in order to carry out RT measurements, using both the observer's eyes and also to obtain relative visual latency data under the same experimental conditions. These findings could then be compared, using both the criteria of the visual system as an element of detection and as an element of comparison. The apparatus consisted of an N-l 000 three-channel tachistoscope (controlled stimulus system), automatically randomized through a computer. All the light sources used, two in each channel, contained vaporised phosphorus and were capable of switching on and giving a stable response in less than 10 p.s and switching off in about 2 p.s. In the N-l 000 system two red fixation points ( 2 ' ) , belonging to the third channel, and the fields of vision (channel-l and channel-2), are all at an equal optical distance from the observation point.
The circular fields of foveal vision were of 50'. In figure I a schematic view of the tachistoscope channels and the spatial configuration of the targets used, is shown. No chromatic nor geometric aberrations were found in the apparatus. In the RT method the observer was required to respond to a series of visual stimuli (luminous pulses) by pressing a button. One stimulus was projected from channel-l at the left eye and maintained a constant level of retinal illuminance while the other, projected at the right eye from channel-2, varied. In order to control the luminance of stimuli in each experimental session, we installed two Ealing 22-9062 polarizers, the relative position of which could be modified by turning one of them. Both polarizers were encased in a black cardboard cylinder to avoid any phenomenon from extraneous light sources. A computer routine ensured that both the interval between stimuli and the channel were chosen at random. Any problems due to temporal effects were avoided by confining ourselves to long pulses (100 ms) ; as the stimuli durations in our experiments were of 100 ms we always exceed the integration threshold. To measure the luminance of the stimuli we used and EG & G, Electro Optics System, model 550, photometer.
The apparatus used in the visual latency experiments was essentially the same. The observer was presented with two stimuli (luminous pulses of 100 ms duration) of different luminance values, introducing a short delay time between both. The intermediate time between two consecutive pulses was 2.5 S . Channel-l projected the reference stimulus (fixed luminance value) at the left eye, while channel-2 projected the variable stimulus (luminance value varied) at the right eye. This results in the observer perceiving a flicker effect, analogous to the Pulfrich manifestation of the same phenomenon. The measurement of the relative visual latency comes from the real delay between both pulses when the observer himself has synchronised the pulses and achieved haploscopic vision. The delay is computer-chosen at random in a temporal interval of 100 ms -= t S 200 ms at the beginning of each session so as to avoid any possible customary tactile response on the part of the observer [12] . The latency measurement is relative to the reference stimulus of channel-l, the luminance of which corresponds to a retinal illuminance of 375 td. To avoid the problems associated with a loss in the adaptation state, i.e. dazzle and disturbances, as Roufs have pointed out [lo] , in our experiment the variable stimulus was always presented before the reference one and with a lower luminance. Figure 2 shows a simple diagram of the temporal procedure.
The real delay between the stimuli, produced by the observer in manually achieving haploscopic vision. corresponds to the difference in time taken by each of the pulses to reach the cerebral comparison zone.
-EXPERIMENTAL
As is normal in these types of experiments we worked with three observers ; this number is considered sufficient according to the criteria of E. HITA et al. L. Ronchi [13] . Two of the observers had normal vision, and one had some degree of ametropy, corrected with glasses.
The sessions were never longer than 45 minutes, including the 15 minutes of previous dark-adaptation period and the rest period between the two methods, so as never to tire the observer unduly. While the observer is resting between methods we take the opportunity to change the computer routine. The head of the observer was held in place with a special anatomical device incorporated into the visor of the tachistoscope and no extraneous light was allowed to enter the apparatus. The tachistoscope contained a small fan which served to cool the lamps and to produce a low background hum, making it impossible for the slight noise which occurs when the lights switch on to interfere with the results.
During the visual latency tests the observer regulated the delay between pulses by using a potentiometer connected to the computer. The measurements were all repeated on different days but at the same time in order to reduce to a minimum any possible personal variations in the observer due to the time of day, although we consider these variations to be sufficiently averaged out anyway due to the distribution of the test throughout the day.
-RESULTS AND DISCUSSION

-1. Statistical analysis
For the RT tests we obtained a total of fifty data in two separate sessions carried out on non-consecutive days for each point on the graphs. We limited ourselves to 24 data for VLC due to observer fatigue. We applied the Kolmogorov-Smirnov test to our data to verify the adequate fitting of the distribution of the sample frequencies to the norm. The significance level that we chose was 3 0.05.
We fitted the experimental points to Pieron's law using minimum squares method, with the asymptotic latency as the parameter. A computer program that maximised the correlation coefficient " r " for a determined value of T , was divised, from which we could obtain the confidence intervals (to 95 9%) for the parameters together with that for any point on the curve. We calculated the error interval (the estimation interval of the mean of a normal population with known typical deviation) for the points on the graph by using the expression
where : n represents the number of values in the sample, X the mean value, U the typical deviation and Z the typified variable, which for a confidence level of 95 5% is 2 = 1.96.
To obtain the significance between the mean values of points on the curve we employed the interval estimation test with reference to the difference in the mean values of two normal populations with U , . and U ? , known, resulting in
where X,, and X? are the mean values of the normal populations, U , and u 2 the typical deviations, n1 and n2 the number of values included in each sample and 2 = 1.96. By making use of the theoretical curves in the data analysis we managed to reduce the influence of the deviations affecting each individuals results.
-2. General considerations
In the RT tests the graphs of the experimental data obtained for the reference stimulus (left eye) in sessions conducted several weeks apart show the latency of response as remaining constant, confirming the predictions of Randle & Murphy [14] . Thus we consider our method to be reliable to within the limits of experimental error for this type of measurement. In the margin of some of the graphs we have drawn those errors which, due to their constancy and their small estimation interval with regard to the scale, make their inclusion in the graph itself difficult. In this worth noting that the error bars depend principally on the luminance of the stimulus employed ; the dispersion with regard to the theoretical norm increases as the luminance of the stimulus diminishes and consequently as the luminance increases, the length of the error intervals decreases.
The retinal illuminance levels employed are sufficient to stimulate the cones and, bearing in mind Gouras results on stimulus levels [15], we consider that it is these photoreceptors that are responding to our experimental visual stimuli. We chosen seven points within the range of S to 110 td for the variable stimulus. The reference stimulus, 375 td, represented the maximum luminance that the tachistoscope (channel-l) was able to produce, a level which does not, however, dazzle the observer. The real asymptotic level remains hidden within the curve as, for the variable stimulus (channel-2) not being able to obtain values at more than 110 td, it is only soluble in an indicative way in the theoretical fitting of our experimental results. This type of problem, however, plays little or no part in the comparison between RT and VLC and furthermore, the high-luminance zone, being practically horizontal, is of little interest to us.
-3. Reaction time
It is generally accepted that RT, which is a function of the luminance of the stimulus, provides an objective, relative measurement of the magnitude of the underlying psychological processes. In all cases we obtained very similar potential curves, which confirms that RT does have a fig. 3) . It is worth noting that our absolute value for the p exponent was inferior to that which appears in the literature [16] , and indeed less than that obtained in previous experiments of our own [9] . This type of difference is not so surprising if we bear in mind factors such as the variability of experimental conditions and the apparatus used. We would like to emphazise, however, that the same type of dependence applied to all three observers and also that, when the luminance was increased, the same tendency to diverge from the theoretical norm could be observed in each experimental point for all the observers. It must be stressed that the measurements that we have taken are of relative latency, as we always refer to a stimulus (reference stimulus), representing in our case the asymptotic limit. This latter fact bears no influence on our intention of investigating whether MC is constant or not as we always used the same stimulus as a point of reference. The latency measurements were carried out in haploscopic vision and so it was necessary to discover what delay a normal observer was capable of distinguishing when presented with two out of phase pulses of equal luminance 20 measurements were taken and in all of them the observer ceased to see flickering when the real delay between the pulses was nil. This would confirm that the visual system is capable of comparing two stimuli in haploscopic vision when only out of phase by 1 ms that is to say, it is why it is frequently used as a '' zero device " [12] . In order to compare the performance of each observer the results are presented in the same scale ( fig. 4 ) illuminance levels used, VLC was between 30 ms and 60 ms for all our observers. An example of the significance between mean values of the points on the curve is given for one observer in table I . In these results the theoretical curves can be seen to be the same for all the observers and, furthermore, it is noteworthy that little change occurs throughout the whole retinal illuminance interval used. The correlation coefficients are considerably higher than would normally be expected in this kind of experiment, exceeding those obtained by the RT method. Just as with the RT method the real asymptotic level ( T , ) is only indicative. can be seen that this contribution follows the Same pattern for all the observers.
Estimation intervals for the differences between mean populations corresponding to the R T , V L C and RT-VLC, as
If we accept the usual definition of visual latency and bear in mind that the comparison is here carried out at the site of the brain, we can only conclude that the process which begins in the brain and finishes with the motor response to the stimulation is not a constant process, independent of other parameters, such as the luminance of the stimuli, but that it follows Pieron's law, as shown in the graphs (see fig. 6 ). This result is not really surprising in the light of the fact that some authors, such as Vaughan [4] , have already admitted that visual latency may depend on some parameters to do with the characteristics of the stimulus and the psychological organisation of the nervous system, although no experimental evidence was so far forthcoming. In fact, the possible deviations for high and low luminances suggested by Roufs [lo] , may be explained from our results if we accept a dependency of the MC upon this parameter. Nevertheless, there are not significant contradictions between our results and those reported by Roufs, in spite of differences in experimental methods. In addition, we find that the problems pointed out by this author could be avoided if the observer controlled the delay between stimuli instead of their luminance.
The absolute values obtained for p, within the limits of theoretical error, are in the order of -1/10. The significance levels of the experimental points for each observer appear in table I and it can be seen that the variation is indeed significant. In summary, we have achieved positive results with a technique designed to measure relative visual latency for specific luminances. This technique relies upon the flicker produced by the Pulfrich effect. Our technique of automatization has also enabled us to measure reaction time under the same experimental conditions and thus compare the contribution of both variable factors. The reliability of our method is supported by the fact that the dispersion of our experimental results is significantly less than that which results from the use of other direct measurement techniques 19, 161. Furthermore, the apparatus described in this paper could well be used for studying the influence of other parameters involved in the visual latency effect than those investigated here.
